Troubleshooting in DWDM networks
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Trend: increased network complexity

Mixing modulation formats

and data rates on one fiber

Pol mux with non pol

o

\ Coherent networks mux on one fiber )

New impairments Y Crosstalk Carrier

Nonlinear effects leakage

# types of failures in DWDM networks
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Why new modulation schemes

RZ or NRZ
modulation n i
(10 Gbps) Simple O] Simple
hardware hardware
RZ or NRZ n
modulation Wide spectrum,
(100 Gbps) high CD/PMD impairment
Channel interference
New modulation L
scheme DQPSK  fgiids @M Complex
h modulation hardware hardware
(100 Gbps) Narrow spectrum,
50GHz 50 GHz lower CD/PMD impairment

Y-polarization

Frequency

X-polarization — PDM increases the spectral
x efficiency by a factor of 2

+ SourcerLightwave
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...What are trends in transport networks

Amplitude .
Phase increase

+ Constellational multiplicity
+ Subcarrier multiplicity
+ Symbol rate

QPSK
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Modulation Schemes Overview

NRZ using a Mach-Zehnder modulator
> 10Gb/s per channel
>80 channels = 800Gb/s Electrical signal

Electro-optic material

CW —p
optical signal

—— modulated
optical signal

Electrical input

Voltage
Bias point Optical output
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Modulation Schemes Overview

> 100Gb/s per channel (DP)

*80 channels = 8Tb/s Quadrature phase shift

apsk Boying
o1 1 0 0 1 1 0

One time
W
4 phases = 2 bits/symbol \/\/\/\/-\/\/\

Differential quadrature phase shift
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4 phases > 2 bits/symbol
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Nonlinear
effects

Carrier
leakage

New and “old” impairments in DWDM

MD pulse
spreading

eI crostalk ’

= Plain « old » PMD.

= Can now be tested on
live noncoherent signals.
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PMD pulse
spreading

Interchan-
nel crostalk

Ry

Nonlinear
effects

Carrier
leakage

New and “old” impairments in DWDM

= In dense channel plans,
when neighbour channels
extend within the channel
bandpass of a given
signal.
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Interchannel crosstalk

All channels
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Channel
bandwidth

1/2 channels
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Inte nel crosstalk

Channel
bandwidth 1/2 channels

turned off

All channels
on

Crosstalk ‘J \
noise! | \

| ) ‘ \_
<] ASE noise \

15130 1505 1540 1545 15950 15955
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New and “old” impairments in M

PMD pulse
spreading

= In dense channel plans,
when neighbour channels

extend within the channel
ey bandpass of a given
nel crostalk signal.
) = New impairment at 40G

b_ecau_se channel _spectral
width increases with baud
Nonlinear rate.
et = Worse with tight
channel spacings
Carrier (50 GHz).
leakage
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New and “old” impairments in DWDM

PMD pulse

L = New impairment.
spreading

= When signals interact
nonlinearly with one

Interchan- ar.wther
nel crostalk = j.e. cross-phase
- / modulation: phase

variation caused by

changing power of

Nonlinear neighbour channel
Gl = Typical when mixing

Carrier

Impair-
ments
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Cross-phase modulation

Kerr effect

High power
10G OOK

100G coherent

= 10G OOK: amplitude modulation; 40G coherent: phase modulation

= 10G channel goes on and off, changing locally index of refraction as a
function of space and time.

= - phase of 100G channel changes. Phase noise! Signal quality
degrades.
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“old” impairments in

PMD pulse

{ = New impairment.
spreading

= When CW (unmodulated)

ey signal is present at
nel crostalk transmitter output.

= Causes extra noise.
Nonlinear

\
\ effects

Carrier
leakage
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New impairments: new sources of noise

In summary ...

= The old days (10G and below)

Noise = N
» Today (40G, 100G)

Noise =N gz + Ny, + N +N

x—talk

ASE: amplified spontaneous emission (noise from amplifiers)
NLE: nonlinear effects like cross-phase modulation

X-talk: cross-talk

CL: carrier leakage

52013 EXEO Ine
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New impairments: new sources of noise

| [10G networks _|40G and 100G

Noise types ASE ASE, NLE, crosstalk,
carrier leakage
Noise sources Optical amplifiers Amplifiers, fiber

properties, neighbour
channels, transmitters

Troubleshooting  Easier More complex

noise issues

Troubleshooting ~ Check amplifiers noise ~ Check amplifiers,

procedure for figure. channel power (NLE), ch.

noise issues spacing (x-talk + NLE),
transmitters (CL).

Test tools Optical Spectrum Improved OSA?

required Analyzers

Impact of new and « old » impairments

it
Impairment I I “
= PMD pulse — Bits that I I
spreading overlap (ISI)_
e

,, . Worse
= Interchannel Extra noise from BER!
crosstalk neighbour channel
= Cross-phase /
i mmmmms) Extra noise due to NLE
= Carrier — Extra noise from  (if PMD)
leakage transmitter

_—/

The Solution: WDM Investigator

& Channel Characteristics
Pobus Signal 00 ®O0000®O00000

@O0 @®00®0O 00QEEE
A Impaiments

PMD Puise Spreading 00 L0000

Channel Results | Global Results RUPIBUWESEGTS

Carved Noize

Inferchannel Crosstak 090 00000
Noniinear D epolaiization 00 00,00

(Carier Leakage

| 1545.345 | (i)-17. 2898 (INB)-46.25 |
| 1546.131 (i)}-17.42 | 28.67 | ([rvEf-ﬂlﬁ 28|

GR40G_1527-1568_... \WDM Investigator €
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How to fix these new impairments

= Except for PMD, these are complex impairments to fix,
that require an in-depth understanding of DWDM
network architecture and configuration.

= At EXFO, we are experts in testing. tem design and
optimization is the egpernse o? yogr ﬁEN? g

= Apart from PMD, the right approach should be discussed
with you NEM. Below are stggestions only.

= PMD pulse spreading:
= Test the PMD pulse s| reﬁding at different points in'\hhe
network and pinpoint the fibef span inducing the PMD.

= Use a distributed PMD analyzer (FTB-5600) to
troubleshoot PMD on this span.

= Use another fiber or another route.

= Carrier leakage
= Change the transponder at the transmitter side
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Importance of OSNR

Lower
Bit Error
Rate

Less errors
in
transmission

Higher
Quality of
service

Higher
OSNR
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What do the standards say?
ITU-T G. 697 Optical monitoring for DWDM systems, appendix I
“OSNR measurement currently uses the principle of

measuring the noise between channels in order to estimate
the noise at the channel wavelength.”

PN

X
N,

Waelength

“This method works well for simple point-to-point systems
with nothing but fibre and ampilifiers in the optical path.”

©2013 BXFO Ine A sigtis ioseved | 35
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ROADM Definition

WSS: Wavelenght Selective switch
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What does the ITU-T say?

ITU-T G. 697 Optical monitoring for DWDM systems, appendix I

P+N,

Power

N, + Av)
RV W
N\

G.697(09)_FIll.1

‘Wavelength

“This method works well for simple point-to-point systems with nothing but fibre
and amplifiers in the optical path. For more complex DWDM systems, however,
the introduction of any element which causes shaping of the noise between
channels renders this method inaccurate.”
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What does the ITU-T sa

ITU-T G. 697 Optical monitoring for DWDM systems, appendix Il

OAD . ,  Atpoint
. | | B

> VTN,
o VR MIRVATA PAEYA
A VBBBBEZY!
7 “The noise between the channels has been
v L)

strongly shaped by the combined filtering
function of the Demux/Mux [...]

7 At the mid-points between channels [...] the
OSNR estimate [...] is about 15 dB
optimistic.”

oo, i
152 1514 1546 1548 1550 1552 1550 1556 155 1560
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at does the ITU-T say

ITU-T G. 697 Optical monitoring for DWDM systems, appendix I
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Why traditional OSNR method fails ...

Case 1: ROADM is present in the network

- A ROADM contains filters that reduce inter-channel noise.
-The traditional interpolation method leads to an underestimation of the noise.

- It creates a false sense of security.
e ch.3

Real noise level

Ll |

IEC noise level
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Why traditional OSNR method fails ...

Case 2: network operates at 40 Gb/s or more

- At 40G or more, signals are closely spaced and overlap.
-The traditional interpolation method leads to an over-estimation of the noise level.
- It arantac a falea canca nf nrahlam

0

IEC noise level

Real noise level

<0

50 e
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The solution for 40G and ROA

+ In-band OSNR : measure OSNR directly at the peak wavelength

Pi+N;

In-band
OSNR

N,

+ Based on the polarization properties of light:
- Signal is polarized, noise is unpolarized.

+ EXFO's in-band OSNR method: WDM-aware
- For additional details, s hite paper « OSNR in Next-Gen Networks »
o B ST oRaES 7 o

pertaining to FTB-52 BP pro
http://www.exfo.com/en/Products/Products.aspx?ld=433

©2013EXF0 Ine
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EXFO In-band OSNR Measurement

- Basic assumption: Signal is mainly polarized and noise is mainly

depolarized

*Power vs
polarizatipn

Signal

22018 EXF0 Ine A e isconves 45

EXFO’s WDM-aware Setup

» EXFO OSA comprise a polarization controller at the input and a polarization
beam splitter.

The polarization controller changes the polarization of the input signal
(including the noise).

+ The polarization beam sSIitter divides the input in two arms with different
states of polarization (SOP).

SOP-2

Polarization
Splitter

Polarization
Controller

OSA

SOP-1

©2013EXF0 Ine
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WDM-aware Method

EXFO approach: adjust the polarization controller so that there is at least a 3
dB difference between the peaks in two different scans

>Condition easy to meet.
>All the above peaks are usable
>Then comes the magic...
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WDM-aware Method

Let’s take the first peak as example: Noiseless
>Substract the peaks in the two polarization states: Pea
Minus | equals
|
/ /

»Since the noise is the same in both polarizations, the subtraction removes
the noise ...
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WDM-aware Method

Next step: Multiply this noiseless peak by a factor to make it have the same
power as the Initial Peak:

Then Substract Initial Peak minus Noiseless

pakr™ ctor.

Result: Noise ONLY at Peak
Position

=> Calculate OSNR

52013 EXEO Ine
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Advantages of EXFQ’s approach

*Very Fast: usually 3-5 minutes.

“Very robust to PMD as it is not necessary to null the signal to obtain some
diversity in each arm.

*Repeatable,

-Can measure any type of ROADM filters as we construct signal and noise
traces inside the signal.

2013-11-12

Coherent 40G and 100G: now and beyond
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ITU-T G.697 Optical Monitoring for DWDM systems

IIL13 Polarization extinction measurement

Signal + ASE/2
OSNR

Signal + ASE @

Polarization  Polarization ~ ASE/2
controller  beam splitter

Signal
processing

For a polarization multiplexed signal, there is a separate signal on each of the two
orthogonal polarizations so it is not possible to extinguish the signal using a polarization
beam splitter. Hence, it is not possible to use this method of OSNR measurement for these
signals.
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EXFQ’s approach - Reference-Based

* Can measure via Taps -> No service interruption
* Rely on same Maths as WDM-aware

* Use reference-acquired shape (Tap 1)

* Find noise contribution

To LocationX

T 0 PP
T AOG PM-0PSK
T 06 PM-FSK
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EXFO’s approach — Reference-Based

+Showing with Tap 3 to demonstrate reference with residual OSNR but works

well of course with [Tap 1 Tap 5
I r= -
M == i

T

\

» Use Reference Measurement as signal
shape to find noise

Tép 5

52013 EXFO I A dghs resars
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Reference based approach

Step 1: Multiply the reference trace by a factor to make it have the same
power as the signal under analysis:

Step 2: substract Signal under analysis minus Reference

times factor.

l

Result: Noise ONLY at Signal
Wavelength

=> Calculate OSNR

52013 EXEO Ine
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OSNR meth

<10 Gbits/s

no

ds summary

Modulation | Baud rate OSNR
format method
OOK IEC

10 GBd

<10 Gbits/s yes OOK 10 GBd In-band
40 Gbits/s yesorno DQPSK or 20 GBd In-band
non-coherent other

40 Gbits/s yesorno DP-QPSK, 10 GBd or 20 Pol mux
coherent DP-BPSK GBd

100 Gbits/s yesorno DP-QPSK 28 GBd Pol mux
coherent

©2013 BXFO Ine Ak i
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So is pol mux OSNR available for 40G/100G?

EXFO now offers reference-based method :

Figure 1. Locations of OSA trace acq

Tx trace

uisitions
Locations of OSNR
measurement

B e ==
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From 10 to 40 to 100G in the Field

Going faster means more pressure on the network. Or does it...?

| Speed | Modulation | _OSNR__| __CD__| _PWD__|

10Gbps NRZ -
Traditional On-
Off Keying

40Gbps OOK, DPSK or  Requires In-Band,  Typically around Typically below
] 250 psiom gel

DQPSK
(non coherent)

40Gbps DP-QPSK
(Coherent)

100Gbps DP-QPSK
(Coherent)

Traditional OSNR Typically around Typically around
(IEC) 1100 ps/nm 10ps (average
PMD)

IEC F3

equires Pol-Mux
ready In-Band (not
yet available?)

60.000ps/nm, but
likes residual CD

ypically above
30ps, but sensitive
to instantenous

DGD

Requires Pol-Mux
ready In-Band (not
Yet available?)

207-40.000ps/nm,
but likes residual

Typically above
20ps, but sensitive
Q instantenous
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Questions?

ETHERNET AND
ONE TESTING SOLUTION | ELHERNETAND
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